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(54) EPOXY RESIN COMPOSITION AND SEMICOIVDUCTOR SEALED DEVICE 

(57)Abstract: 

PURPOSE: To obtain an epoxy resin composition that can give a semiconductor sealed 
device excellent, for example, in humidity resistance and soldering heat resistance by 
adding a specified epoxy resin, a phenolic resin, an inorganic filler, and a hardening 
accelerator in a prescribed weight ratio. 

CONSTITUTION: (A) An epoxy resin represented by formula I (wherein Rl , R2, R3 
and R4 represent each H or an alkyl), for example, an epoxy resin represented by 
formula II ((n) is an integer of 0 or above), (B) a phenolic resin represented by formula 
III (wherein R5 and R6 each represents H or an alkyl), for example, a phenolic resin 
represented by formula IV, (C) an inorganic filler, for example, sihca powder, and (D) a 
hai'dening accelerator, for example, an imidazole hardening accelerator are prepared. 
These components excluding the (C) component are mixed with the component (C) in 
an amount of 50 to 95 wt.% based on the resin composition to obtain an epoxy resin 
composition. A semiconductor chip, such as an integrated circuit and a transistor, is 
sealed with a hardened product of this epoxy resin composition to produce a 
semiconductor sealed device. In the resultant semiconductor sealed device, 
disconnection due to corrosion of the electrodes and a leakage current due to moisture 
occur remarkably less. 
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USE - The resin compsns . are used for sealing, coating and 

insulating 

electronic parts. 

ADVANTAGE - The resin compsns, have high glass transition 
temp . , im proved heat 

mechanical properties and low stress an d no crack when 
soaked in a soldering 

bath. The resin compsns. and semiconductor devices obtd. 
by sealing 

semiconductor chips with their cured prods, have good 
moisture resistance and 

soldering heat resistance and are not influenced by 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial AppUcation] This invention relates to the semi-conductor sealing arrangement 
which closed the semiconductor chip with the epoxy resin constituent excellent in moisture 
resistance and solder thermal resistance, and its constituent. 
[0002] 

[Description of the Prior Art] In recent years, automation of the mountmg process of a 
semiconductor device is promoted by the ED and coincidence of high mtegration and 
high-reliability-izing in the field of a semiconductor integrated circuit. For example, 
although it was soldering for every lead pin conventionally when the semiconductor device 
of a flat package mold was attached in the circuit board, recently, the solder immersion 
method and the solder reflow method are adopted. 

[0003] The semiconductor device closed with the resin constituent which consists of an 
epoxy resin, conventional novolak mold phenol resin, and conventional silica powder, such 
as a novolak mold epoxy resin, had the fault that moisture resistance fell, when solder bath 
immersion of the whole equipment was performed. When the semiconductor device which 
absorbed moisture especially was immersed, peeling between closure resin, a 
semiconductor chip or closure resin, and a leadframe and an intemal resin crack arose, and 
the leakage current by an open circuit according remarkable moisture-proof degradation to 
the corrosion of a lifting and an electrode or moisture was produced, consequently the 
semiconductor device had the fault that prolonged dependability could not be guaranteed. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention was made in order to cancel the 
above-mentioned fault, there is litfle effect of moisture absorption, it is especially excellent 
in the moisture resistance after solder bath immersion, and solder fliermal resistance, and 
has neither peelmg by closure resin, the semiconductor chip or closure resin, and the 
leadframe, nor generating of an intemal resin crack, and there is also neither an open 
cu-cuit by the corrosion of an electrode nor generating of the leakage current by moisture, 
and it is going to offer the epoxy resin constituent and the semi-conductor sealing 
arrangement which can guarantee dependabihty over a long period of time. 
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[0005] 

[Means for Solving the Problem] As a result of repeating research wholeheartedly in order 
to attain the above-mentioned object, by using specific phenol resin for a specific epoxy 
resin as a curing agent, this invention person used to find out that the resin constituent 
excellent in moisture resistance and solder thermal resistance is obtained, and used to 
complete this invention. 

[0006] namely, this invention - (A) - the epoxy resin shown by the following general 
formula, [0007] 
[Formula 5] 




(however, the inside Rl of a formula - Cj H2j+1 set - j, k, 1, and m Ust ~ n 0 ~ or 

one or more integers are expressed) [ in / R3 carries out CI H21.+1 set, and, as for R4, R2 
carries out the table of the Cm H2m+1 set for Ck H2k+1 set, respectively, and / each 
radical ] 

(B) Phenol resin shown by the following general formula [0008] 
[Formula 6] 




(however, j and k hst - n 0 - or one or more integers are expressed) [ in / as for the 

inside R5 of a formula, R6 carries out the table of the Ck H2k+1 set for Cj H2j+1 set, 
respectively, and / each radical ] 

(C) It is the epoxy resin constituent which uses a minerals bulking agent and the (D) 
hardening accelerator as an indispensable component, and is characterized by coining to 
contain the minerals bulking agent (aforementioned [ C ]) at 50 - 95% of the weight of a 
rate to a resin constituent. Moreover, it is the semi-conductor sealing arrangement 
characterized by coming to close a semiconductor chip with the hardened material of this 
epoxy resin constituent. 

[0009] Hereafter, this invention is explained to a detail. 

[0010] As a (A) epoxy resin used for this invention, what is shown by the aforementioned 
general formula-ization 5 is used, and it can be used, without being restricted to especially 
the molecular weight etc. as a concrete con5)ound - for exanple [001 1] 
[Formula 7] 
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[0012] (However, the inside n of a formula is 0 or 1 The above integer is expressed) 
[0013] 
[Formula 8] 

/CH, 
0(1 



^CH 
I 

I 

O 



0(1 
I 

CR 
I 

cm o 



O CH3 cm O 



(However, the inside of a formula and n are 0 or 1 The above integer is expressed) etc. ~ it 
is mentioned and these are independent ~ or ~ Two or more sorts can us e it, mixing. 
Moreover, to fliese epoxy resins , a novolak mold epoxy resin, an EPIBISU system epoxy 
resin, and other common well-known epoxy resins can be used together. 
[0014] As (B) phenol resin used for this invention, the phenol resin shown by the 
aforementioned general formula-ization 6 can be used, as a concrete confound — for 
example [0015] 
[Formula 9] 



OH 



OH 



(However, the inside of a formula and n are 0 or 1 The above integer is expressed) 
[0016] 

[Formula 10] 



OH 



OH 



CH, 



CH, 



(~ however, the inside of a formula and n ~ 0 or 1 ~ the above integer is expressed ~) ~ 
is mentioned. Moreover, the novolak mold phenol resin which phenols, such as a phenol 
and alkylphenol, and the formaldehyde or the paraformaldehyde other than this phenol 
resin is made to react, and is obtained, and these modified resin can be used together. 
[0017] Although what is generally used is widely used as a (C) minerals bulking agent 
used for this invention, high impurity concentration is low also in them, and it is the mean 
particle diameter of 30 micrometers. The following silica powder can use it preferably. 
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Mean particle diameter is 30 micrometers. If it exceeds, moisture resistance and a 
moldability are not inferior and desirable. As for the blending ratio of coal of a minerals 
bulking agent, it is desirable to contain at 50 - 95% of the weight of a rate to the whole 
resin constituent. If the rate has the large hygroscopicity of a resin constituent, and is 
inferior to the moisture resistance after solder immersion and exceeds 95 % of the weight 
at ^ess than 50 % of the weight, a fluidity is not extremely inferior to a moldability, and 
desirable. 

[0018] As a (D) hardening accelerator used for this invention, the Lynn system hardening 
accelerator, an imidazole system hardening accelerator, a DBU system hardening 
accelerator, other hardening accelerators, etc. are used widely, these are independent - or 
~ Two or more sorts can be used together. The blending ratio of coal of a hardening 
accelerator is 0.01-5 to a resin constituent. It is desirable to blend so that weight % content 
of may be done. The rate has the long gel time of a resin constituent at less than 0.01 % of 
the weight, and a hardening property also worsens, and it is 5. A fluidity is not [ that 
worsen, and it is inferior to a moldability and an electrical property is also further inferior 
to moisture resistance, and ] extremely desirable if weight % is exceeded. 
[0019] Although the epoxy resin constituent of this invention uses as an indispensable 
component the specific epoxy resin and the specific phenol resin which were mentioned 
above, a minerals bulking agent, and a hardening accelerator The need is accepted in the 
limit which is not contrary to the object of this invention. For example, natural waxes 
Release agents, such as synthetic waxes, a metal salt of straight-chain fatty acid, acid 
amides, ester, and paraffin, Addition combination of coloring agents, such as flame 
retarders, such as an antimony trioxide, carbon black, and red ocher, a silane coupling 
agent, the low stress grant agent of a mbber system or a silicone system, etc. can be 
carried out suitably. 

[0020] As a general approach in the case of preparing the epoxy resin constituent of this 
invention as a molding material The raw material component which chose as the 
predetermined presentation ratio the conponent of the specific epoxy resin mentioned 
above, specific phenol resin, a minerals bulking agent and a hardening accelerator, and 
others is blended. After mixing to homogeneity enough by a mixer etc., mixed processing 
by the melting mixing processing by the hot calender roll or the kneader is performed 
further, and subsequently cooling solidification is carried out, and it can grind in suitable 
magnitude and can consider as a molding material. In this way, the obtained molding 
material can make the outstanding property and dependability give, if it applies to closure 
of electronic parts including a semiconductor device, or an electrical part, a coat, an 
insulation, etc. 

[0021] The semi-conductor sealing arrangement of this invention can be easily 
manufactured by closing a semiconductor chip using the molding material mentioned 
above. Especially as a semiconductor chip which closes, it is not limited for an integrated 
circuit, a large-scale integrated circuit, a transistor, a thyristor, diode, etc., for exanple. As 
the most general approach of closure, although there is a low voltage transfer-molding 
method, closure by injection molding, conpression molding, casting, etc. is also possible. 
A molding material is heated and stiffened in the case of closure, and the semi-conductor 
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sealing arrangement eventually closed with this hardened material is obtained. As for 
hardening by heating, it is desirable to heat more than 150 ** and to make it harden. 
[0022] 

[Function] By having used the specific epoxy resin and phenol resin which were mentioned 
above, the glass transition temperature of a resin constituent rises, a heat mechanical 
property and low stress nature of the sealing arrangement [ the epoxy resin constituent and 
semi-conductor sealing arrangement ] of this invention improve, generating of the resin 
crack after solder immersion and a solder reflow of them is lost, and its damp-proof 
degradation decreases. 
[0023] 

[Example] Next, this invention is not limited by these exan5)les although an example 
explains this invention. In the following examples and examples of a conparison, "% of 
the weight" is meant"%." 

[0024] Epoxy resin shown in the example 1-ization 7 Phenol resin shown in ** 9 8.9% 
6.1%, 84% of silica powder, hardenmg accelerator 0.3%, ester wax 0.3% and silane 
coupling agent 0.4% was mixed in ordinary temperature, it kneaded at further 90-95 
degrees C, cooling grinding of this was carried out, and the molding material (A) was 
manufactured. 

[0025] Epoxy resin 5.9 % of ** 7 used in the example 2 exanple 1, and phenol resin of ** 
9 used in the example 1 4.1%, 89.0% of silica powder, hardening accelerator 0.3%, ester 
wax 0.3% and silane coupling agent 0.4% was mixed in ordinary temperature, it kneaded 
at fiirther 90-95 degrees C, cooling grinding of this was carried out, and the molding 
material (B) was manufactured. 

[0026] Exanple of corrq)arison lo-cresol novolak mold epoxy resin 9.8 %, 5.2% of 
novolak mold phenol resin, 84%) of siUca powder, hardening accelerator 0.3%, ester wax 
0.3%> and silane coupling agent 0.4% was mixed and the molding material (C) was 
manufactured like the example 1. 

[0027] Phenol resin of** 9 used in exanqjle of conparison 2 biphenyl mold epoxy resin 
(weight per epoxy equivalent 193) 5.2 %, and the example 1 4.8%, 89% of silica powder, 
hardening accelerator 0.3%, ester wax 0.3%> and silane couplmg agent 0.4% was mixed, it 
kneaded at further 90-95 degrees C, cooling grinding of this was carried out, and the 
molding material (D) was manufactured. 

[0028] In this way, carry out transfer impregnation, it was made to harden in the metal 
mold heated to 175 ** using manufactured molding material A- (D), the semiconductor 
chip was closed, and the semi-conductor sealing arrangement was manufactured. Although 
the result was shown in a table 1 about these semi-conductor sealing arrangements since 
many trials were performed, the epoxy resin constituent and semi-conductor sealing 
arrangement of this invention are excellent in moisture resistance and solder thermal 
resistance, and were able to check the remarkable effectiveness of this invention. 
[0029] 
[A table 1] 
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*1 : the mold goods of the diameter of 50mm and thickness 3 ram were made by transfer 
molding, and this was measured with the weight which left it for 24 hours and increased 
into the saturated steam of 127 degrees C and 2.5 atmospheric pressures. 
*2 : it is at structure and 175 degree C about the same mold goods as the case of water 
absorption. Postcure of 8 hours was performed, and it considered as the test piece of 
suitable magnitude, and measured using the apparatus for thermomechanical analysis. 
*3 It examined according to :JIS-K-691 1. 

*4 : ~ a molding material is used ~ the chip made from silicon which has aluminum wiring 
of two ~ the usual 42 alloy frame - pasting up - 175 ** 175 after transfer-molding for 2 
minutes ** Postcure of 8 hours was performed. In this way, beforehand, the obtained mold 
goods were immersed in the solder bath of 250 ** for 10 seconds, after [ 40 degrees C 
95%RH, and 100 hours ] carrying out moisture absorption processing. Then, 127 ** and 
2.5 The humidity resistance test was performed in the saturated steam of an atmospheric 
pressure, and the time amount from which 50% open circuit (defect generating) by 
aluminum corrosion takes place was evaluated. 

*5 : A 8x8 mm dummy chip is dedicated to a QFP (14x14x1.4 mm) package, a molding 
material is used, and it is at 175 **. With 175 ** after fransfer-molding for 2 minutes 
Postcure of 8 hours was performed. In this way, after carrying out moisture absorption 
processing of 85 degrees C, 85%, and 96 hours, it let the manufactured semi-conductor 
sealing arrangement pass at the reflow fiimace of Max 240 **. Then, the package front 
face was observed with the stereoscopic microscope, and the existence of generating of an 
external resin crack was evaluated. Moreover, in the ulfrasonic-crack-inspect measurement 
machine, the exfoliation phenomenon on the rear face of a die pad was observed, and the 
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existence of exfoliation more than 5 % was evaluated. 
[0030] 

[Effect of the Invention] The epoxy resin constituent and semi-conductor sealing 
arrangement of this invention can be excellent in moisture resistance and solder thermal 
resistance, there can be little effect by moisture absorption, the open circuit by the 
corrosion of an electrode, generating of the leakage current by moisture, etc. can be 
reduced remarkably, and, moreover, dependabiUty can be guaranteed over a long time so 
that clearly from the above explanation and a table 1 . 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by conputer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) The epoxy resin shown by the following general formula, [Formula 1] 




(however, the inside Rl of a formula ~ Cj H2j+1 set - j, k, 1, and m hst ~ n 0 ~ or — 
one or more integers are expressed) [ in / R3 carries out CI H21.+1 set, and, as for R4, R2 
carries out the table of the Cm H2m+1 set for Ck H2k+1 set, respectively, and / each 
radical ] 

(B) Phenol resin shown by the following general formula [** 2] 

OH OH 




(however, j and k Ust ~ n 0 ~ or one or more integers are expressed) [ in / as for the 

inside R5 of a formula, R6 carries out the table of the Ck H2k+1 set for Cj H2j+1 set, 
respectively, and / each radical ] 

(C) Epoxy resin constituent which uses a minerals bulking agent and the (D) hardening 
accelerator as an indispensable component, and is characterized by corning to contain the 
minerals bulking agent (aforementioned [ C ]) at 50 - 95% of the weight of a rate to a resin 
constituent. 

[Claim 2] (A) The epoxy resin shown by the following general formula, [Formula 3] 
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(however, the inside Rl of a formula ~ Cj H2j+1 set - j, k, 1, and m Ust ~ n 0 - or 

one or more integers are expressed) [ in / R3 carries out CI H21.+1 set, and, as for R4, R2 
carries out the table of the Cm H2m+1 set for Ck H2k+1 set, respectively, and / each 
radical ] 

(B) Phenol resin shown by the following general formula [** 4] 



(however, j and k hst ~ n 0 ~ or one or more integers are expressed) [ in / as for the 

inside R5 of a formula, R6 carries out the table of the Ck H2k+1 set for Cj H2j+1 set, 
respectively, and / each radical ] 

(C) Semi-conductor sealing arrangement which uses a minerals bulking agent and the (D) 
hardening accelerator as an indispensable component, and is characterized by coming to 
close a semiconductor chip with the hardened material of the epoxy resin constituent 
which contained the minerals bulkiug agent (aforementioned [ C ]) at 50 - 95% of the 
weight of a rate to the resin constituent. 



[Translation done.] 
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